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(54) Optical recording medium, information recording apparatus, and information reproducing 
apparatus 



(57) In an optical recording medium having a plural- 
ity of recording layers of a double-spiral structure in 
which information is recorded on both of land tracks and 
groove tracks, the spiral of a first recording layer (1 ) is 
in the forward direction, the spiral of a second recording 
layer (2) is in the backward direction, first information Is 
recorded on one of the land track (1B) and the groove 



track (1 A) of the first recording layer (1 ) in the direction 
from the inner periphery toward the outer periphery of 
the optical recording medium, and second information 
subsequent to the first information is recorded on one 
of the land track (2B) and the groove track (2A) of the 
second recording layer (2) in the direction from the outer 
periphery toward the inner periphery of the optical re- 
cording medium. 
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Description 

[0001] The present invention relates to writable opti- 
cal recording media having a plurality of recording lay- 
ers. 

[0002] As a recordable optical recording medium, a 
DVD-RAM disk is known. This disk takes a so-called 
land groove single spiral structure having a single re- 
cording layer, and by off-setting grooves by one track 
once each rotation, lands and grooves are alternately 
connected to form one spiral. By tracing this spiral, all 
the lands and grooves can be successively traced. 
Therefore, the physical address is updated alternately 
for the land track and the groove track. 
[0003] However, since the above-described 
DVD-RAM has a single recording layer, to increase the 
recording capacity, a plurality of recording layers must 
be provided. Besides, in the land groove single spiral 
structure, since the land track and the groove track must 
be connected each rotation, when the disk is manufac- 
tured, the grooves must be accurately shifted by one 
track each rotation, so the manufacture of the disk is not 
easy. Besides, when information is recorded/repro- 
duced, the land track and the groove track are switched 
every time the disk makes one rotation, the tracking po- 
larity must be reversed at an accurate timing each rota- 
tion, so the tracking servo is not easy. Therefore, in case 
of providing a plurality of recording layers taking merely 
the land groove single spiral structure, it is expected that 
the same problem above-mentioned is caused. 
[0004] It is an object of the present invention to pro- 
vide writable optical recording media in which the re- 
cording capacity can be increased, the manufacture is 
easy, and reproduction can be made easy. 
[0005] An optical recording medium of the present in- 
vention is an optical recording medium having a plurality 
of recording layers of a double-spiral structure in which 
information is recorded on both of land tracks and 
groove tracks, characterized in that a spiral of a first re- 
cording layer (1) is in a forward direction, a spiral of a 
second recording layer (2) is in a backward direction, 
and first information is recorded on one of a land track 
(1 B) and a groove track (1 A) of the first recording layer 
(1) in the direction from an inner periphery toward an 
outer periphery of the optical recording medium, and 
second information subsequent to the first information 
is recorded on one of a land track (2B) and a groove 
track (2A) of the second recording layer (2) in the direc- 
tion from the outer periphery toward the inner periphery 
of the optical recording medium. ' 
[0006] According to this optical recording medium r the 
spiral structure of the first recording layer included frV'trfe 
plurality of recording layers and the spiral structure of- 
the second recording layer teluded; ^^§^ia!\X^^ 
recording layers are reverse in spiral. di hl^ionttor^acH^ 
other. In the first recording. layer, the first Information is 
recorded on one of the land track and the groovetrack. 
in the direction from the inner periphery toward the outer 



periphery of the optical recording medium. In the second 
recording layer, the second information subsequent to 
the first information is recorded on one of the land track 
and the groove track in the direction from the outer pe- 
5 riphery toward the inner periphery of the optical record- 
ing medium. Therefore, only by switching the focus of a 
pickup while the optical recording medium is being ro- 
tated in the same direction, the second information can 
be read out subsequently to the first information and the 
10 pickup need not be largely moved radially. Thus the first 
information and the second information can be read out 
continuously. Besides, because of the double-spiral 
structure, the optical recording medium can be manu- 
factured with ease. Further, since the tracking polarity 
f5 need not frequently be switched, the reproduction be- 
comes easy. 

[0007] An optical recording medium of the present in- 
vention is an optical recording medium having a plurality 
of recording layers of a double-spiral structure in which 
20 information is recorded on both of land tracks and 
groove tracks, characterized in that a spiral of a first re- 
cording layer (1) is in a forward direction, a spiral of a 
second recording layer (2) is in a backward direction, 
and first information is recorded on one of a land track 
25 (1 B) and a groove track (1 A) of the first recording layer 
(1) in the direction from an outer periphery toward an 
inner periphery of the optical recording medium, and 
second information subsequent to the first information 
is recorded on one of a land track (2B) and a groove 
30 track (2A) of the second recording layer (2) in the direc- 
tion from the inner periphery toward the outer periphery 
of the optical recording medium. 
[0008] According to this optical recording medium, the 
spiral structure of the first recording layer included in the 
35 plurality of recording layers and the spiral structure of 
the second recording layer included in the plurality of 
recording layers are reverse in spiral direction to each 
other. In the first recording layer, the first information is 
recorded on one of the land track and the groove track 
40 in the direction from the outer periphery toward the inner 
periphery of theoptical recording medium. In the second 
recording layer, the second information subsequent to 
the first information is recorded on one of the land track 
and the groove track in the direction from the inner pe- 
45 riphery toward the outer periphery of the optical record- 
ing medium. Therefore, only by switching the focus of a 
pickup while the optical recording medium is being ro- 
tated in the same direction, the second information can 
be read out subsequently to the first information and the 
pickup need not be largely moved radially. Thus the first 
information and the second information can be read out 
fWV c^3h^uslyt Besides, because of the double-spiral 
L. . . ^ ^ Jsi^ct u ^v^t H 6 > optical recording medium can be rriahu- 



^.fa^ Further,' since the tracking polarity 

^need-not frequently be switched, the reproduction be- 
comes easy. 

[0009]. Third : information subsequent to the second in- 
formation may be recorded on one of the land track (1 B) 
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and the groove track (1 A) of the first recording layer (1 ) 
on which the first information is not recorded, and fourth 
information subsequent to the third information may be 
recorded on one of the land track (2B) and the groove 
track (2A) of the second recording layer (2) on which the 
second information is not recorded. 
[0010] The first information may be recorded on the 
land track of the first recording layer, and the second 
information may be recorded on the land track of the 
second recording layer. In this case, upon a focus jump 
of the focus of the pickup from the land track of the first 
recording layer to the land track of the second recording 
layer, the tracking polarity need not be switched. 
[0011] The first information may be recorded on the 
groove track of the first recording layer, and the second 
information may be recorded on the groove track of the 
second recording layer. In this case, upon a focus jump 
of the locus of the pickup from the groove track of the 
first recording layer to the groove track of the second 
recording layer the tracking polarity need not be 
switched. 

[0012] Either of the first recording layer (21,31) and 
the second recording layer (22, 32) may have been di- 
vided into N zones (zone 1 to zone N) from the inner 
periphery toward the outer periphery of said optical re- 
cording medium, and first information may be recorded 
on one of the land track (21 B, 31 B) and the groove track 
(21 A, 31 A) in zone n (n: a natural number not less than 
one and not more than N) of the first recording layer (21 , 
31) in the direction from the inner periphery toward the 
outer periphery of the optical recording medium, and 
second information subsequent to the first information 
may be recorded on one of the land track (22B, 32B) 
and the groove track (22A, 32A) In zone n of the second 
recording layer (22, 32) in the direction from the outer 
periphery toward the inner periphery of the optical re- 
cording medium. 

[0013] In this case, only by switching the focus of the 
pickup while the optical recording medium is being ro- 
tated in the same direction, the second information re- 
corded in zone n of the second recording layer can be 
read out subsequently to the first information recorded 
in zone n of the first recording layer and the pickup need 
not be largely moved radially. Thus the first information 
and the second information can be read out continuous- 
ly- 

[0014] An outer periphery end of zone n of the second 
recording layer (32) may be located nearer to the outer 
periphery of the optical recording medium than an outer 
periphery end of zone n of the first recording layer (31 ). 
In tyis case, upon 3 a fccus jumpto 
layerto the second recording 
up>cah%u"rely'befmov^ 

ing^lay L er^ 9n7 fa ^?f$i*&q ^t^^^fi^^^^m 
[OO^j^lEitHer bfrtee#^ 
ohdTecttrding layerm^ 

(zone .1 to zonieN) from. the ilnnerpenpherytoward.th^ 
outer periphery of said optical recording medium, and 



first information may be recorded on one of the land 
track and the groove track in zone n (n: a natural number 
not less than one and not more than N) ot the first re- 
cording layer in the direction from the outer periphery 

5 toward the inner periphery of the optical recording me- 
dium, and second information subsequent to the first in- 
formation may be recorded on one of the land track and 
the groove track in zone n of the second recording layer 
(22, 32) in the direction from the inner periphery toward 

10 the outer periphery ol the optical recording medium. 
[001 6] In this case, only by switching the focus of the 
pickup while the optical recording medium is being ro- 
tated in the same direction, the second information re- 
corded in zone n of the second recording layer can be 

15 read out subsequently to the first information recorded 
in zone n of the first recording layer and the pickup need 
not be largely moved radially. Thus the first information 
and the second information can be read out continuous- 
ly. 

20 [001 7] An inner periphery end of zone n of the second 
recording layer may be located nearer to the inner pe- 
riphery of the optical recording medium than an inner 
periphery end of zone n of the first recording layer. In 
this case, upon a focus jump from the first recording lay- 

25 erto the second recording layer, the focus of the pickup 
can surely be moved to zone n of the second recording 
layer. . 

[0018] The first information may be recorded on the 
land track in zone n of the first recording layer, and the 

30 second information may be recorded on the land track 
in zone n of the second recording layer. In this case, 
upon a focus jump of the focus of the pickup from the 
land track of the first recording layer to the land track of 
the second recording layer, the tracking polarity need 

35 not be switched. 

[0019] The first information may be recorded on the 
groove track in zone n of the first recording layer, and 
the second information may be recorded on the groove 
track in zone n of the second recording layer. In this 

« case, upon a focus jump of the focus of the pickup from 
the groove track of the first recording layer to the groove 
track of the second recording layer, the tracking polarity 
need not be switched. 

[0020] An optical recording medium of the present in- 
45 vention is an optical recording medium having a plurality 
of recording layers of a double-spiral structure in which 
information is recorded on both of land tracks and 
groove tracks, characterized in that at least a first re- 
cording layer (1), a second recording layer (2), a third 
50 recording layer (3), arid a fourth recording layer (4) are 
provided as said recording 'layered * 
rection from an inner ^eri^h'e^ tdwatxl* ah' v 6<UTt^KpeH^li- - 
ery;<of^ 

corbihg^lrectioh^from 
55* nefVpteriphe^ medium^af^de^ ^ 

fined ast^ 

direction dfthe first recording layer^l) aridthe third* re- 
cording layer (3) Is one of the first recording direction 
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and the second recording direction, the recording direc- 
tion of the second recording layer (2) and the fourth re- 
cording layer (4) is the other of the first recording direc- 
tion and the second recording direction, and physical 
addresses are allocated in the order of one of a land 5 
track (1 B) and a groove track (1 A) of the first recording 
layer (1), one of a land track (2B) and a groove track 
(2A) of the second recording layer (2), the other of the 
land track (1 B) and the groove track (1 A) of the first re- 
cording layer (1 ), the other of the land track (2B) and the 10 
groove track (2A) of the second recording layer (2), one 
of a land track (3B) and a groove track (3A) of the third 
recording layer (3) , one of a land track (4B) and a groove 
track (4A) of the fourth recording layer (4), the other of 
the land track (3B) and the groove track (3A) of the third *5 
recording layer (3), and the other of the land track (4B) 
and the groove track (4A) ol the fourth recording layer 
(4). 

[0021] According to this optical recording medium, 
only by swltchingthefocus of thepickup while the optical 20 
recording medium is being rotated in the same direction, 
information recorded in the first to fourth recording lay- 
ers can be reproduced and the pickup need not be large- 
ly moved radially. Thus the information recorded in the 
first to fourth recording layers can be read out continu- 25 
ously. Besides, because of the double-spiral structure, 
the optica! recording medium can be manufactured with 
ease. Further, since the tracking polarity need not fre- 
quently be switched, the reproduction becomes easy. 
[0022] An information recording apparatus of the 30 
present invention is an information recording apparatus 
for recording information onto an optical recording me- 
dium having at least a first recording layer and a second 
recording layer of a double-spiral structure in which In- 
formation is recorded on both of land tracks and groove 35 
tracks, characterized in that a first recording direction 
from an inner periphery toward an outer periphery of the 
optical recording medium and a second recording direc- 
tion from the outer periphery toward the inner periphery 
of the optical recording medium are defined as the order *o 
of recording information, information is recorded in said 
first recording layer in one of said first recording direc- 
tion and said second recording direction, information is 
recorded in said second recording layer in the other of 
said first recording direction and said second recording 45 
direction, and physical addresses for recording are al- 
located in the order of one of a land track and a groove 
track of said first recording layer, one of a land track and 
a groove track of said second recording layer, the other 
of the land track and the groove track of said first record- so 
ing Jayer; and the other of. the land track :and the groove q 
tracfeotjB^ ^orNvlV^ 
[0q23] r »^ 
■ratus;-,^ 

cording. layer. and thelsecpnd^ 5 $c 
to eachvother ; and recording mformation alternately Into 1 
the first recording layer and;the. second recording layer, , 
the information can be recorded in the order of physical 



addresses while the optical recording medium is being 
rotated in one direction. 

[0024] An information reproducing apparatus of the 
present invention is an information reproducing appara- 
tus for reproducing information from an optical recording 
medium having at least a first recording layer (1 ) and a 
second recording layer (2) of a double-spiral structure 
in which information is recorded on both of land tracks 
and groove tracks, characterized in that a first reproduc- 
ing direction from an inner periphery toward an outer pe- 
riphery of the optical recording medium and a second 
reproducing direction from the outer periphery toward 
the inner periphery of the optical recording medium are 
defined as the order of reproducing information, infor- 
mation is reproduced from thefirst recording layer (1) in 
one of the first reproducing direction and the second re- 
producing direction, information is reproduced from the 
second recording layer (2) in the other of the first repro- 
ducing direction and the second reproducing direction, 
and information is reproduced following physical ad- 
dresses allocated in the order of one of a land track (1 B) 
and a groove track (1A) of the first recording layer (1), 
one of a land track (2B) and a groove track (2A) of the 
second recording layer (2), the other of the land track 
(1 B) and the groove track (1 A) of the first recording layer 
(1 ). and the other of the land track (2B) and the groove 
track (2A) of the second recording layer (2). 
[0025] According to this information reproducing ap- 
paratus, since the reproducing directions of the first re- 
cording layer and the second recording layer are re- 
versed to each other, and information is reproduced al- 
ternately from the first recording layer and the second 
recording layer, the information can be reproduced in 
the order of physical addresses while the optical record- 
ing medium is being rotated in one direction. 
[0026] An information reproducing apparatus of the 
present invention is an information reproducing appara- 
tus for reproducing information from an optical recording 
medium (300) having at least a first recording layer (21 ) 
and a second recording layer (22) of a double-spiral 
structure in which information is recorded on both of land 
tracks and groove tracks, characterized in that a spiral 
of the first recording layer (21 ) is in a forward direction, 
a spiral of the second recording layer (22) is in a back- 
ward direction, information has been recorded in the first 
recording layer (21) in the direction from an inner pe- 
riphery toward an outer periphery of the optical record- 
ing medium (300), information has been recorded in the 
second recording layer (22) in the direction from the. out- 
er periphery^toward theirt ner periphery of the optical re- 
cprding medium , (300), either;of ; the;first- recording layer 
(21>andLjthe;$ 

vidediintp rNJzonesr. (zdhetf^ 

^Hjihery X^^^^oi^j^^^:^ the optijctilreAj 

cording : .rrjedium^SOOjp firstMormatibn thas bean i rfer 1 

cordecfccWorieK^ 

(2M) jn zone n ^ 

and not more than N) of the first recording layer (21), 
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and second information subsequent to the first informa- 
tion has been recorded on one of a land track (22B) and 
a groove track (22A) in zone n of the second recording 
layer (22), and a driving device (55) is provided for driv- 
ing a pickup (51) so that the first information is repro- 5 
duced following physical addresses, the focus of the 
pickup (51 ) is slid by a predetermined amount in the di- 
rection toward the outer or inner periphery of the optical 
recording medium (300) with a focus jump from the first 
recording layer (21) to the second recording layer (22), 10 
and then the second information is reproduced following 
physical addresses, 

[0027] According to this information reproducing ap- 
paratus, upon a focus jump, in the same zone n of the 
first recording layer and the second recording layer, the 15 
boundary position to anotherzone is shifted. Thus there 
is no possibility of focusing another zone upon a focus 
jump at the boundary position, so the focus of the pickup 
can surely be moved to the same zone n of the second 
recording layer (22). Therefore, in case of recording/re- 20 
producing at rotational speeds varying from zone to 
zone, since focusing the same zone occurs after a focus 
jump at the boundary position of the zone, the rotational 
speed need not be changed and address reproduction 
becomes easy. 25 
[0028] An information reproducing apparatus of the 
present invention is an information reproducing appara- 
tus for reproducing information from an optical recording 
medium (300) having at least a first recording layer (21 ) 
and a second recording layer (22) of a double-spiral 3D 
structure in which information is recorded on both of land 
tracks and groove tracks, characterized in that a spiral 
of the first recording layer (21) is in a forward direction, 
a spiral of the second recording layer (22) Is In a back- 
ward direction, information has been recorded in thef irst 35 
recording layer (21) in the direction from an outer pe- 
riphery toward an inner periphery of the optical record- 
ing medium (300), information has been recorded in the 
second recording layer (22) in the direction from the in- 
ner periphery toward the outer periphery of the optical *o 
recording medium (300), either of the first recording lay- 
er (21) and the second recording layer (22) has been 
divided into N zones (zone 1 to zone N) from the inner 
periphery toward the outer periphery of the optical re- 
cording medium (300), first information has been re- 45 
corded on one of a land track (21 B) and a groove track 
(21 A) in zone n (n: a natural number not less than one 
and not more than N) of the first recording layer (21), 
and second information subsequentto the first informa- 
tion has been recorded on one of a land track (22B) and . 
a groove;track (22A); In *one<n of the seconilrecording; 
layer ((22)', and a drMng:device.(55) is proyidedforfdrhfc > 
ingiarp^ 

ducefl^ addresses^ the' fodusjofl'the^ 

pickup.(51) is slid by a preietfe 
reciiontowartithe inne^pr70Uter.periphery;0fLthe bjDtic&bj 
recording medium <360):with«a focus:juffip from theiirst 
recording layer (21) to the second recording layer (22), 



and then the second information is reproduced following 
physical addresses. 

[0029] According to this information reproducing ap- 
paratus, upon a focus jump, in the same zone n of the 
first recording layer and the second recording layer, the 
boundary position to another zone is shifted. Thus there 
is no possibility of focusing another zone upon a focus 
jump at the boundary position , so the focus of the pickup 
can surely be moved to the same zone n of the second 
recording layer (22). Therefore, in case of recording/re- 
producing at rotational speeds varying from zone to 
zone, since focusing the same zone occurs after a focus 
jump at the boundary position of the zone, the rotational 
speed need not be changed and. address reproduction 
becomes easy. 
[0030] In the Drawings; 

FIG. 1 is a view typically showing the arrangement 
of recording layers of an optical disk as an optical 
recording medium of the first embodiment; 
FIGS. 2A to 2D are views typically showing the con- 
struction of each recording layer; 
FIG. 3 is a block diagram showing the construction 
of an information recording/reproducing apparatus; 
FIG. 4 is a view typically showing the arrangement 
of recording layers of an optical disk as an optical 
recording medium of the second embodiment; 
FIG. 5 is a view typically showing the arrangement 
of recording layers of an optical disk as an optical 
recording medium of the third embodiment; and 
FIG. 6 is a view typically showing the arrangement 
of recording layers of an optical disk as an optical 
recording medium of the fourth embodiment. 

- First Embodiment- 

[0031] The first embodiment of an optical recording 
medium of the present invention will be described below 
with reference to FIGS. 1 to 3. 

[0032] FIG. 1 is a view typically showing the arrange- 
ment of recording layers of an optical disk as an optical 
recording medium of the first embodiment, and FIGS. 
2A to 2B are views typically showing the construction of 
each recording layer. As shown in FIG. 1 , an optical disk 
100 is provided with a first recording layer 1 , a second 
recording layer 2, a third recording layer 3, and a fourth 
recording layer 4, which are sequentially laminated. A 
groove track 1 A and a land track 1 B are spirally formed 
on the first recording layer 1 .A. groove track 2A and a 
land track 2B are spirally formed on;the second record- 
ingilayer 2/lA groqve;track 3A ; and-a.land .track 3B;are» 
spirally formed on theithird.recbrding layer:3 A groove: 

Kascai;d6^ 

beife^rded'bnboth thegrbove*^ ;< 
[0033] ,.Asshown<in FIGSj2Acahd2eveachi0f,the:f(rst 
recording layer 1 and the third recording layer 3 takes a 



so 
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spiral structure in the forward direction. As shown in 
FIGS. 2B and 2D, each of the second recording layer 2 
and the fourth recording layer 4 takes a spiral structure 
in the backward direction. In FIGS. 2A to 2D, note that 
the forward direction and the backward direction of the s 
spirals are determined for convenience' sake. Forward 
or backward of the spirals merely means that they are 
in the reverse direction to each other. The forward di- 
rection or backward direction of the spiral is not to define 
an absolute direction. 

[0034] As shown in FIGS. 1 and 2A, on each of the 
groove track 1 A and the land track 1 B of the first record- 
ing layer 1 , information is recorded in the direction from 
the inner periphery of the optical disk 100 toward the 
outer periphery thereof. As shown in FIGS. 1 and 2B, 
on each of the groove track 2A and the land track 2B of 
the second recording layer 2, information is recorded in 
the direction from the outer periphery of the optical disk 
100 toward the inner periphery thereof. As shown in 
FIGS. 1 and 2C, on each of the groove track 3A and the 
land track 3B of the third recording layer 3, information 
is recorded in the direction from the inner periphery of 
the optical disk 100 toward the outer periphery thereof. 
As shown in FIGS . 1 and 2D, on each of the groove track 
4A and the land track 4B of the fourth recording layer 4, 
information is recorded in the direction from the outer 
periphery of the optical disk 1 00 toward the inner periph- 
ery thereof. Arrows P1 to P4 shown in FIGS. 2A to 2D 
indicate the recording directions (reproduction direc- 
tions) of the firstto fourth recording layers, respectively. 
[0035] As shown in FIG. 1 , the physical addresses on 
the optical disk 1 00 are allocated in the order of the 
groove track 1 A of the first recording layer 1 , the groove 
track 2A of the second recording layer 2, the land track 
1 B of the first recording layer 1 , the land track 2B of the 
second recording layer 2 . the land track 3B of the third 
recording layer 3, the land track 4B of the fourth record- 
ing layer 4, the groove track 3A of the third recording 
layer 3, and the groove track 4A of the fourth recording 
layer 4. 

[0036] FIG. 3 is a block diagram showing the con- 
struction of an information recording/re producing appa- 
ratus 50 for recording information on the optical disk 1 00 
and reproducing information recorded on the optical 
disk 100. As shown in FIG. 3, the information recording/ 
reproducing apparatus 50 includes a pickup 51 for writ- 
ing information into each recording layer of the optical 
disk 1 00 with a laser light 51 A and reading out informa- 
tion, in each recording layer; a tracking, detection circuit 

52 for. detecting a tracking deviation on the basis of in- 
formation? from the pickup 51 ; a polarity svyitchihg circuit 

53 f b^swjtehlngthe .tracking p'olarity<lh accordancejwfth 
switchi^ 
theiiand^ 
ingathei^^^ 

52r:a^drive; circuit /55;thatvreceive"s * acslghakf rom'the- 
phas'e.compensatiohicircuit.S^; attacking atfuatqr56\ 
that receives a signal from the drive circuit 55 to drive 



the pickup 51 and thereby adjust tracking; a focus de- 
tection circuit 58 for detecting a focus deviation on the 
basis of information from the pickup 51 ; a phase com- 
pensation circuit 59 for shaping the signal of the focus 
detection circuit 58; a focus-jump control circuit 60 for 
controlling focus jump; a drive circuit 61 that receives a 
signal from the phase compensation circuit 59 or the fo- 
cus-jump control circuit 60; a selection switch 62 for se- 
lecting one of the output signals of the phase compen- 
sation circuit 59 and the focus-jump control circuit 60 as 
a signal to be input to the drive circuit 61 ; a focus actu- 
ator 63 that receives a signal from the drive circuit 61 to 
adjust the focus of the pickup 51 ; and a CPU 65 for con- 
trolling each part of the information reproducing appa- 
ratus 50. 

[0037] As shown in FIG. 3, the CPU 65 sends out a 
command toward the polarity switching circuit 53 for 
switching the tracking polarity. Besides, the CPU 65 
sends out a focus-jump command toward the focus- 
jump control circuit 60 for jumping the focus of the laser 
light to another recording layer. 
[0038] Next, a method for reading out information re- 
corded on the optical disk 100 will be described. 
[0039] In case of reading out information recorded on 
the optical disk 1 00, in the order of the above-described 
physical addresses, the optical disk 1 00 is rotated coun- 
terclockwise in each of FIGS. 2A to 2D. In this state, the 
pickup is moved from the inner periphery of the optical 
disk 100 toward the outer periphery thereof, thereby 
reading out information recorded on the groove track 1 A 
of the first recording layer 1 , in a predetermined order. 
Atterthis, the optical disk 1 00 is kept rotating in the same 
direction. 

[0040] Next, the focus of the pickup is moved by a fo- 
cus jump from the first recording layer 1 to the second 
recording layer 2. The pickup is then moved from the 
outer periphery of the optical disk 100 toward the inner 
periphery thereof, thereby reading out information re- 
corded on the groove track 2A of the second recording 
layer 2, in a predetermined order. 
[0041 ] Next, the focus of the pickup is moved by a fo- 
cus jump from the second recording layer 2 to the first 
recording layer 1 and the tracking polarity is switched. 
The pickup is then moved from the inner periphery of 
the optical disk 1 00 toward the outer periphery thereof, 
thereby reading out information recorded on the land 
track 1 B of the first recording layer 1 , in a predetermined 
order. 

[0042] Next, the focus otthe.pickup is.moved by a fo- 
cus jump from the first recording layer 1 to^thejsecond 
recording; |ayer:2..^ 

outer/periphery^^ bOitottard Jhejpneri 

coitie'oVbift^ 

[0043)0 ^Next^etfpcosio^^ 
cus jumpfrom.the, sec^ 

recording layer 3. The pickup is then moved from the 
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inner periphery of the optical disk 100 toward the outer 
periphery thereof, thereby reading out information re- 
corded on the land track 3B of the third recording layer 

3, in a predetermined order. 

[0044J Next, the focus of the pickup is moved by a fo- 
cus jump from the third recording layer 3 to the fourth 
recording layer 4. The pickup is then moved from the 
outer periphery of the optical disk 100 toward the inner 
periphery thereof, thereby reading out information re- 
corded on the land track 4B of the fourth recording layer 

4, in a predetermined order. 

[0045] Next, the focus of the pickup is moved by a fo- 
cus jump from the fourth recording layer 4 to the third 
recording layer 3 and the tracking polarity is switched. 
The pickup is then moved from the inner periphery of 
the optical disk 100 toward the outer periphery thereof, 
thereby reading out information recorded on the groove 
track 3A of the third recording layer 3, in a predeter- 
mined order. 

[0046] Next, the focus of the pickup is moved by a fo- 
cus jump from the third recording layer 3 to the fourth 
recording layer 4. The pickup is then moved from the 
outer periphery of the optical disk 1 00 toward the inner 
periphery thereof, thereby reading out information re- 
corded on the groove track 4A of the fourth recording 
layer 4, in a predetermined order. 
[0047] As described above, information recorded on 
the groove tracks and the land tracks of the first to fourth 
recording layers can be read out in the order of the phys- 
ical addresses by the manner that the pickup is moved 
relatively to the disk and radially of the disk while the 
optical disk 100 is being rotated in the same direction. 
Besides, since the direction from the inner periphery of 
the optical disk 100 toward the outer periphery thereof 
and the direction from the outer periphery toward the 
inner periphery are repeated in the recording directions 
of the tracks in the order of the physical addresses, the 
pickup needs not to be moved radially of the optical disk 
100 largely for a short time, and only by tracing the 
tracks in order, the read track can be switched by a focus 
jump. Besides, by determining the physical addresses 
so that the groove tracks or the land tracks are as con- 
tinuous as possible, the number of times of switching 
the tracking polarity upon switching the read track can 
be reduced. Further, since the optical disk 100 has the 
recording layers of the double-spiral structure, the track- 
ing polarity needs not to be switched every time the disk 
100 makes one rotation. 

[0048] Besides, by relatively moving the pickup 51 ra- 
dially of the disk while the optical disk 100 is being ro- 
tated in.t he same direction, and applying a laser light at: 
predetermined timings, the information carT be' recorded: 
irirtheip^ 
on 'the '.groow 
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-Second Embodiment- 

[0049] The second embodiment of an optical record- 
ing medium of the present invention will be described 

5 below with reference to FIG. 4. 

[0050] FIG. 4 is a view typically showing the arrange- 
ment of recording layers of an optical disk as an optical 
recording medium of the second embodiment. As 
shown in FIG. 4, an optical disk 200 includes a first re- 

10 cording layer 11 and a second recording layer 12 lami- 
nated with each other. A groove track 11 A and a land 
track 1 1 B are spirally formed on the first recording layer 
11 and a groove track 12A and a land track 12B are spi- 
rally formed on the second recording layer 12. That is, 

15 each recording layer has a double-spiral structure in 
which information can be recorded on both the groove 
track and the land track. 

[0051] The first recording layer 11 takes a spiral struc- 
ture in the forward direction and the second recording 
20 layer 12 takes a spiral structure in the backward direc- 
tion. Like the first embodiment, forward or backward of 
the spirals merely means that they are in the reverse 
direction to each other. 

[0052] On each of the groove track 11 A and the land 
25 track 11B of the first recording layer 11, information is 
recorded in the direction from the inner periphery of the 
optical disk 200 toward the outer periphery thereof. On 
each of the groove track 12A and the land track 12B of 
the second recording layer 12, information is recorded 
30 in the direction from the outer periphery of the optical 
disk 200 toward the inner periphery thereof. 
[0053] The physical addresses on the optical disk 200 
are allocated In the order of the land track 11 B of the 
first recording layer 11 , the groove track 1 2A of the sec- 
35 ond recording layer 1 2, the groove track 11 A of the first 
recording layer 1 1 , and the land track 1 2B of the second 
recording layer 12. 

[0054] Next, a method for reading out information re- 
corded on the optical disk 200 will be described. 

40 [0055] In case of reading out information recorded on 
the optical disk 200, in the order ol the above-described 
physical addresses, the optical disk 200 is rotated in a 
certain direction. In this state, the pickup is moved from 
the inner periphery of the optical disk 200 toward the 

45 outer periphery thereof, thereby reading out information 
recorded on the land track 1 1 B of the first recording layer 
11, in a predetermined order. After this, the optical disk 
200 is kept rotating in the same direction. 
[0056] Next, the focus of the pickup is moved by a fo- 

50 cus jump from the first recording layer 11 to the second 
recordingJayer12 and the.tracking polarity is switched:' 
Th&pickup Isitheh- mbyed>fr^ 
tl^oj^ica^ 

thereby?rea fc ding outHnformatiortrecmded'on the groove^ 
55i ffackM 

teninihed'order^'' v^ovcgh fcift *r't nc bswiQ) vtifis^p 
[0057]! Nextfthe focus of the pickup Amoved by afov 
cus jump from the second recording layer 1 2 to the first 
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recording layer 11 . The pickup is then moved from the 
inner periphery of the optica! disk 200 toward the outer 
periphery thereof, thereby reading out information re- 
corded on the groove track 11 A of the first recording lay- 
er 11 , in a predetermined order. 5 
[0058] Next, the focus of the pickup is moved by a fo- 
cus jump from the first recording layer 1 1 to the second 
recording layer 12 and the tracking polarity is switched. 
The pickup is then moved from the outer periphery of 
the optical disk 200 toward the inner periphery thereof, 10 
thereby reading out information recorded on the land 
track 12B of the second recording layer 1 2, in a prede- 
termined order. 

[0059] As described above, information recorded on 
the groove tracks and the land tracks of the first record- *5 
ing layer 11 and the second recording layer 12 can be 
read out in the order of the physical addresses by the 
manner that the pickup is moved relatively to the disk 
and radially of the disk while the optical disk 200 is being 
rotated in the same direction. Besides, since the direc- 20 
tion from the inner periphery of the optical disk 200 to- 
ward the outer periphery thereof and the direction from 
the outer periphery toward the inner periphery are re- 
peated in the recording directions of the tracks in the 
order of the physical addresses, the pickup needs not 25 
to be moved radially of the optical disk 200 largely for a 
short time, and the read track can be switched by a focus 
jump. Besides, by determining the physical addresses 
so that the groove tracks or the land tracks are as con- 
tinuous as possible, the number of times of switching 30 
the tracking polarity upon switching the read track can 
be reduced. 

[0060] Further, since the optical disk 200 has the re- 
cording layersofthe double-spiral structure.thetracking 
polarity needs not to be switched every time the disk 35 
200 makes one rotation. 

[0061] Besides, by relatively moving the pickup 51 ra- 
dially of the disk while the optical disk 200 is being ro- 
tated in the same direction, and applying a laser light at 
predetermined timings, the information can be recorded 40 
in the order in accordance with the physical addresses, 
on the groove tracks and the land tracks of the first re- 
cording layer 11 and the second recording layer 12. 

-Third Embodiment- 45 

[0062] The third embodiment of an optical recording 
medium of the present invention will be described below 
with reference to FIG. 5. 

[0063] FIG. 5 is a view typically showing the arrange- so 

ment ot recordinglayers.otan optical; disk^as;anroptical 

recording imediumcofiitrjierthird' embodiment. /^stshpw.n* 

ln*flGV£^^ 

lay errand a:secon 

eacfe'otHer.iA groov&iracMfA ahdja^hd:tfack2^B^arei ssi 
spirally formed on the first recording layeV^fci'arids at 
groove track, 22A and. a? land track 22B? are* spirally- 
formed on the second recording layer 22. That is, each 



recording layer has a double-spiral structure in which 
information can be recorded on both the groove track 
and the land track. 

[0064] The first recording layer 21 takes a spiral struc- 
ture in the forward direction and the second recording 
layer 22 takes a spiral structure in the backward direc- 
tion. Like the first and second embodiments, the forward 
direction and the backward direction of the spirals are 
determined for convenience' sake, and forward orback- 
ward of the spirals merely means that they are in the 
reverse direction to each other. 
[0065] As shown in FIG. 5, the optical disk 300 is di- 
vided into three zones. The groove track 21 A of the first 
recording layer 21 is divided into a first zone 21 Aa, a 
second zone 21 Ab, and a third zone 21 Ac. The land 
track 21 B of the first recording layer 21 is divided into a 
first zone 21 Ba, a second zone 21 Bb, and a third zone 
21 Be. The groove track 22 A of the second recording lay- 
er 22 is divided into a first zone 22Aa, a second zone 
22Ab, and a third zone 22Ac. The land track 22B of the 
second recording layer 22 is divided into a first zone 
22Ba, a second zone 22Bb, and a third zone 22Bc. 
[0066] The physical addresses of the first zone are al- 
located in the order of the first zone 21 Aa of the groove 
track 21 A of the first recording layer 21, the first zone 
22Aa of the groove track 22A of the second recording 
layer 22, the first zone 21 Ba of the land track 21 B of the 
first recording layer 21, and the first zone 22Ba of the 
land track 22B of the second recording layer 22. 
[0067] The physical addresses of the second zone 
are allocated in the order of the second zone 21Ab of 
the groove track 21 A of the first recording layer 21 , the 
second zone 22Ab of the groove track 22A of the second 
recording layer 22, the second zone 21 Bb of the land 
track 21 B of the first recording layer 21 , and the second 
zone22Bb of the land track 22B of the second recording 
layer 22. 

[0068] The physical addresses of the third zone are 
allocated in the order of the third zone 21 Ac of the 
groove track 21 A of the first recording layer 21 , the third 
zone 22Ac of the groove track 22A of the second record- 
ing layer 22, the third zone 21 Be of the land track 21 B 
of the first recording layer 21 , and the third zone 22Bc 
of the land track 22B of the second recording layer 22. 
[0069] On each zone of the groove track 21 A and the 
land track 21 B of the first recording Iayer21 , information 
is recorded in the direction from the inner periphery of 
the optical disk 300 toward the outer periphery thereof. 
On each zone of the groove track 22A and the land track 
22B of the second recording layer 22, information is re- 
cord^dHnitherdjrectipmfrom the.outer periphery -ot the. 
tipticaj; disk 3004q^ 
[007fi]^^ 
cordelfroffit^ 

[0071] The optical disk 300 •Is^rotateb^W^c^Mftdi^ 
rectibn. In this state, the pickup Is moved from the Inner 
periphery of the optical disk 300 toward the outer pe- 
riphery thereof, thereby reading out information record- 
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ed on the first zone 21 Aa of the groove track 21 A, in a 
predetermined order. After this, the optical disk 300 is 
kept rotating in the same direction. 
[0072] Next, the focus of the pickup is moved by a fo- 
cus jump from the first recording layer 21 to the second 5 
recording layer 22. The pickup is then moved toward the 
inner periphery of the optical disk 300, thereby reading 
out information recorded on the first zone 22Aa of the 
groove track 22A, in a predetermined order. 
[0073] Next, the focus of the pickup is moved by a fo- 
cus jump from the second recording layer 22 to the first 
recording layer 21 and the tracking polarity is switched. 
The pickup is then moved toward the outer periphery of 
the optical disk 300, thereby reading out information re- 
corded on the first zone 21 Ba of the land track 21 B, in 
a predetermined order. 

[0074] Next, the focus of the pickup is moved by a fo- 
cus jump from the first recording layer 21 to the second 
recording layer 22. The pickup is then moved toward the 
inner periphery of the optical disk 300, thereby reading 
out information recorded on the first zone 22Ba of the 
land track 22B, in a predetermined order. 
[0075] After information of the first zone of each track 
is read out as described above, the pickup is driven to 
be slid toward the outer periphery of the optical disk 300 
and the focus of the pickup is moved by a focus jump 
from the second recording layer 22 to the first recording 
layer 21 . After this, information recorded on the second 
zone and the third zone is read out by following the same 
procedure as that for the first zone. 
[0076] As described above, information recorded on 
the groove tracks and the land tracks of the first record- 
ing layer 21 and the second recording layer 22 can be 
read out In the order of the physical addresses by the 
manner that the pickup is moved relatively to the disk 
and radially of the disk while the optical disk 300 is being 
rotated in the same direction. Besides, since the direc- 
tion from the inner periphery of the optical disk 300 to- 
ward the outer periphery thereof and the direction from 
the outer periphery toward the inner periphery are re- 
peated in the recording directions of the tracks in the 
order of the physical addresses, the pickup scarcely 
needs to be moved radially of the optical disk 300, and 
the read track can be switched by a focus jump. Besides, 
by determining the physical addresses so that the 
groove tracks or the land tracks are as continuous as 
possible, the number of times of switching the tracking 
polarity upon switching the read track can be reduced. 
[0077] Further, since the optical disk 300 has the re- 
cording layers of the double^spiral structure, the tracking 
polarity need not frequently be switched each- rotation; 

allyfbtthe^ 

in 4hTete aifi^ r di rect to h ;-t h e'H hf crrn ati on can be : * record^ 
'ift#8^f&SrJIA^ 

ort^t^1e^gr66ye^rBcks , aind trte la^'d!tracks^M^ 
coYdingiayer^i-ahd the ^i^r\M^ti\ti&toy6r>&. 
[0079] TIG. 5 shows an example in which the optical 



disk is divided into three zones. But, the number of 
zones is not limited to this example. For example, the 
optical disk may be divided into several tens or a hun- 
dred or more zones. 

[0080] In the third embodiment, Information is record- 
ed on the first recording layer from the inner periphery 
of the disk toward the outer periphery thereof, and infor- 
mation is recorded on the second recording layer from 
the outer periphery toward the inner periphery. But, for 
example, it is also possible that information is recorded 
on the first recording layer from the outer periphery to- 
ward the inner periphery, and information is recorded on 
the second recording layer from the inner periphery to- 
ward the outer periphery, and the order of the physical 
addresses allocated to the respective tracks is the same 
as that of the third embodiment. 

-Fourth Embodiment- 

[0081] The fourth embodiment of an optical recording 
medium of the present invention will be described below 
with reference to FIG. 6. 

[0082] FIG. 6 is a viewtypically showing the arrange- 
ment of recording layers of an optical disk as an optical 
recording medium of the fourth embodiment. As shown 
in FIG. 6 : an optical disk 400 includes a first recording 
layer 31 and a second recording layer 32 laminated with 
each other. A groove track 31 A and a land track 31 B are 
spirally formed on the first recording layer 31 and a 
groove track 32A and a land track 32B are spirally 
formed on the second recording layer 32. That is, each 
recording layer has a double-spiral structure in which 
information can be recorded on both the groove track 
and the land track. 

[0083] The first recording layer 31 takes a spiral struc- 
ture in the forward direction and the second recording 
layer 32 takes a spiral structure in the backward direc- 
tion. Like the first to third embodiments, the forward di- 
rection and the backward direction of the spirals are de- 
termined for convenience* sake, and forward or back- 
ward of the spirals merely means that they are in the 
reverse direction to each other. 
[0084] As shown in FIG. 6, the optical disk 400 is di- 
vided into three zones like the third embodiment. The 
groove track 31 A of the first recording layer 31 is divided 
into a first zone 31 Aa, a second zone 31 Ab, and a third 
zone 31 Ac. The land track 31 B of the first recording layer 
31 is divided into afirstzone31Ba,asecondzone31Bb, 
and a third zone 31 Be. The groove track 32A of the sec- 
ond recording layer 32" is dividedintb a first zone 32Aa, 
a second zone 32Ab-, and'a third zone 32!Ac. TheMand ■ 
track 1 3'2B;bf^^ divided' 
intoafirs^ 

zofte^Bc; fr rn rfei^ft a (J&S Y><x^o of.' r [$*&Q] 

[0085]^^ 

locateain l th^^ 

tretck 31A of ^the-f ihsf 'recoirli hg • layfef ^31 1 . the^ flrBt^bHe- < 
32Aa of the groove track 32A of the second recording 
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layer 32, the first zone 31 Ba of the land track 31 B of the 
first recording layer 31 , and the first zone 32Ba of the 
land track 32B of the second recording layer 32. 
[0086] The physical addresses of the second zone 
are allocated In the order of the second zone 31 Ab of 5 
the groove track 31 A of the first recording layer 31 , the 
second zone 32Ab of the groove track 32A of the second 
recording layer 32, the second zone 31 Bb of the land 
track 31 B of the first recording layer 31 , and the second 
zone 32Bb of the land track 32B of the second recording io 
layer 32. 

[0087] The physical addresses of the third zone are 
allocated in the order of the third zone 31 Ac of the 
groove track 31 A of the first recording layer 31 , the third 
zone 32Ac of the groove track 32A of the second record- * 5 
ing layer 32, the third zone 31 Be of the land track 31 B 
of the first recording layer 31 , and the third zone 32Bc 
of the land track 32B of the second recording layer 32. 
[0088] On each zone of the groove track 31 A and the 
land track 31 B of the first recording Iayer31 , information 20 
is recorded in the direction from the inner periphery of 
the optical disk 400 toward the outer periphery thereof. 
On each zone of the groove track 32A and the land track 
32B of the second recording layer 32, information is re- 
corded in the direction from the outer periphery of the 25 
optical disk 400 toward the inner periphery thereof. 
[0089] Apparently by comparing FIG. 6 with FIG. 5, 
each of the first to third zones of the optical disk 400 is 
characterized in that their positions are shifted from 
each other radially of the optical disk 400 between the 30 
first recording layer 31 and the second recording layer 
32. 

[0090] More specifically, the first zone 32Aa of the 
groove track 32A and the first zone 32Ba of the land 
track 32B in the second recording layer 32 is located Ar 35 
nearer to the outer periphery of the optical disk 400 than 
the first zone 31 Aa of the groove track 31 A and the first 
zone 31 Ba of the land track 31 B in the first recording 
layer 31. 

[0091 ] The second zone 32Ab of the groove track 32A *o 
and the second zone 32Bb of the land track 32B in the 
second recording layer 32 is located Ar nearer to the 
outer periphery of the optical disk 400 than the second 
zone 31 Ab of the groove track 31 A and the second zone 
31 Bb of the land track 31 B in the first recording layer 31 . 
[0092] The third zone 32Ac of the groove track 32A 
and the third zone 32Bc of the land track 32B in the sec- 
ond recording layer 32 is located Ar nearer to the outer 
periphery of the optical disk 400 tban : the thirdzpne 31 Ac 
of the groove track 31 A and the. third zone 31 Be of the so 
land track 31 ; BJn tfoe.fjrettec^ . t}i 

[0093],;> fcJext, ajpethp^ 

corded^prii the;;optlcal ^jsk^OlwiJf bedescrib^c|^ s ?u : 
[bb$4] The optical disk'40"O;is;% 
rectipn: In thisiSta^ 
periphery (Of-theo^ 

riphery : thereof , thereby Teading.out information record- 
ed on the first zone 31 Aa of the groove track 31 A, in a 



predetermined order. After this, the optical disk 400 is 
kept rotating in the same direction. 
[0095] Next, the focus of the pickup is moved by a fo- 
cus jump from the first recording layer 31 to the second 
recording layer 32. At this time, in the optical disk 400, 
since the outer periphery end of the first zone 32Aa of 
the groove track 32A is shifted to be Ar nearer to the 
outer periphery of the optical disk 400 than the outer 
periphery end of the first zone 31 Aa of the groove track 
31 A, there is no possibility that the focus of the pickup 
erroneously moves to the second zone 32Ab upon the 
focus jump. Therefore, after this, by finely adjusting the 
pickup toward the outer periphery of the optical disk 400, 
information recorded on the first zone 32Aa of the 
groove track 32A can surely be read out. If the pickup 
has erroneously moved to the second zone 32Ab, to 
confirm the address in case that the second zone differs 
in regulated rotational speed from the first zone, the ro- 
tational speed must be controlled to the regulated value 
of the second zone. Thus the confirmation of the error 
requires a long time. 

[0096] Next, the focus of the pickup is moved by a fo- 
cus jump from the second recording layer 32 to the first 
recording layer 31 and the tracking polarity is switched. 
At this time, in the optical disk 400, since the inner pe- 
riphery end of the first zone 31 Ba of the land track 31 B 
is shifted to be Ar nearer to the inner periphery of the 
optical disk 400 than the inner periphery end of the first 
zone 32Aa of the groove track 32A, there is no possibility 
that the focus of the pickup erroneously moves to the 
neighboring mirror surface 33 or lead-in area 34 upon 
the focus jump. Therefore, after this, by finely adjusting 
the pickup toward the inner periphery of the optical disk 
400, information recorded on the first zone 31 Ba of the 
land track 31 B can surely be read out. 
[0097] After information of the first zone of each track 
is read out as described above, the pickup is driven to 
be slid toward the outer periphery of the optical disk 400 
and the focus of the pickup is moved by a focus jump 
from the second recording layer 22 to the first recording 
layer 21 . After this, information recorded on the second 
zone and the third zone is read out by following the same 
procedure as that for the first zone. As described above, 
since the second zone and the third zone are shifted in 
position radially of the optical disk 400 between the first 
recording layer 31 and the second recording layer 32 
like the first zone, when a focus jump is performed be- 
tween the first recording Iayer31 andthesecond record- 
ing layer 32, the focus ofthepickup can surely be moved; 
to /the same zone. without being erroneously moved to 
thecnejghbpxingtzpne:v^ .. w ».^.*: u ( ... * H 
[QMf]^,^ 

th^groo^e.'lracRsiand the, land track$ of the fir&recorch 

ing;iaye^1;an^ 

re^putein^ 

manner? tKatltheiipiGkup^s mjoyeGl, r0)atiy%4o^the vdisk< 
andxadialiyof-the diskwhii^ is being, 

rotated in the same direction. Besides, since thedirec- 
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tion from the inner periphery of the optical disk 400 to- 
ward the outer periphery thereof and the direction from 
the outer periphery toward the inner periphery are re- 
peated in the recording directions of the tracks in the 
order of the physical addresses, the pickup scarcely 
needs to be moved radially of the optical disk 400, and 
the read track can be switched by a focus jump. Besides, 
by determining the physical addresses so that the 
groove tracks or the land tracks are as continuous as 
possible, the number of times of switching the tracking 
polarity upon switching the read track can be reduced. 
Further, in this embodiment, since the locations of each 
zones of the first recording layer 31 and the second re- 
cording layer 32 are shifted from each other, the focus 
of the pickup can surely be moved to the predetermined 
same zone upon a focus jump. 
[0099] Information to be recorded on the groove 
tracks and the land tracks of the first recording layer 31 
and the second recording layer 32 can be recorded, e. 
g., in the order in accordance with the physical address- 
es, by relatively moving a recording head radially of the 
disk while the optical disk 400 is being rotated in the 
same direction. 

[0100] FIG. 6 shows an example in which the optical 
disk is divided into three zones. But, the number of 
zones is not limited to this example. For example, the 
optical disk may be divided into several tens or a hun- 
dred or more zones. 

-Embodiment of Reproducing Apparatus- 

[0101] An example of operation in case of reproduc- 
ing the optical disk 400 shown as an optical recording 
medium of the third embodiment using the information 
recording/reproducing apparatus shown in FIG. 3 will be 
described below. 

[0102] The optical disk 400 shown in FIG. 6 is rotated 
in a certain direction. In this state, the tracking actuator 
56 is driven to move the focus of the pickup from the 
inner periphery end of the first zone toward the outer 
periphery end of the first zone, thereby reading out in- . 
formation of the first zone 31 Aa of the groove track 31 A. 
[0103] Next, the focus of the pickup is moved by a fo- 
cus jump from the first recording layer 31 to the second 
recording layer 32. At this time, in the optical disk 400, 
the zone boundary position is shifted radially by Ar be- 
tween the first recording layer 31 and the second record- 
ing layer 32. Therelore, upon the focus jump to the first 
zone32Aa of the groove track 32A atthe end of the first 
zone 31 Aa of the groove track 3tA, since the outer pe- 
riphery end orthe first zone 32Aa is shifted by.Attoward 
thejouterperipheryf relatively 'tp'jthe first zone 31 Aa, 
surely-^ 

After this ,- the pickup Ms moved 

outer periphery of the optical disk 400 toward the inner 

pgripfterythe^ 

firstfzdhe32Aa»6t^ ■»» 
[0104] Next, the focus of the pickup is moved by a fo- 



cus jump from the second recording layer 32 to the first 
recording layer 31 and the tracking polarity is switched. 
At this time, in the optical disk 400, the zone boundary 
position is shifted radially by Ar between the second re- 

5 cording layer 32 and the first recording layer 31 . There- 
fore, upon the focus jump to the first zone 31 Ba of the 
land track 31 B at the end of the first zone 32Aa of the 
groove track 32A, since the inner periphery end of the 
first zone 31 Ba is shifted by Ar toward the inner periph- 

10 ery relatively to the first zone 32Aa, surely focusing the 
same zone after the jump is possible. Afterthis.the pick- 
up is moved in the direction from the inner periphery of 
the optical disk 400 toward the outer periphery thereof, 
thereby reading out information of the first zone 31 Ba of 

15 the land track 31 B. 

[0105] Next, the focus of the pickup is moved by a fo- 
cus jump from the first recording layer 31 to the second 
recording layer 32. At this time, in the optical disk 400, 
the zone boundary position is shifted radially by Ar be- 

20 tweenthe first recording layer 31 and the second record- 
ing layer 32. Therefore, upon the focus jump to the first 
zone 32Ba of the land track 32B at the end of the first 
zone 31 Ba of the land track 31 B, since the outer periph- 
ery end of the first zone 32Ba is shifted by Ar toward the 

25 outer periphery relatively to the first zone 31 Ba, surely 
focusing the same zone after the jump is possible. After 
this, the pickup is moved in the direction from the outer 
periphery of the optical disk 400 toward the inner periph- 
ery thereof, thereby reading out information of the first 

30 zone 32Ba of the land track 32B. 

[0106] After information of the first zone of each track 
is read out as described above, the pickup is slid toward 
the outer periphery of the optical disk 400 and the focus 
of the pickup is moved by a focus Jump from the second 

35 recording layer 32 to the first recording layer 31, and 
thereby information recorded on the second zone and 
the third zone is read out by following the same proce- 
dure as that for the first zone. 
[0107] In general, in case that an optical disk is con- 

40 structed by laminating a plurality of recording layers, be- 
cause the accuracy in boding the recording layers is not 
so high, there is a possibility that the same zone to be 
located at the same position in relation to a radial direc- 
tion of the optical disk may be shifted between the re- 

« cording layers. If the position of the same zone is shifted, 
when a focus jump is performed without sliding the pick- 
up, there is a possibility that the focus of the pickup may 
be moved to a neighboring zone or the like. 
[0108] Contrastingly, in the reproducing. apparatus of 

so this embodiment, the pickup may be'slldtoy a predeter- 
mined amount in .the direction of .the targeted zone upon 
a focus jump between the recording layers in the same 
z6ne;lri:thJs£as^ 
focusxrt.th^ 

55t the^focusijym srij 
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Claims 

1. An optical recording medium having a plurality of 
recording layers of a double-spiral structure in 
which information is recorded on both of land tracks 
and groove tracks, wherein 

a spiral of a first recording layer of said record- 
ing layers is in a forward direction, 
a spiral of a second recording layer of said re- 
cording layers is in a backward direction, and 
first information is recorded on one of a land 
track and a groove track of said first recording 
layer in the direction from an inner periphery to- 
ward an outer periphery of said optical record- 
ing medium, and second information subse- 
quent to said first information is recorded on 
one of a land track and a groove track of said 
second recording layer in the direction from the 
outer periphery toward the inner periphery of 
said optical recording medium. 

2. An optical recording medium having a plurality of 
recording layers of a double-spiral structure in 
which information is recorded on both of land tracks 
and groove tracks, wherein 



5. The optical recording medium according to claim 1 
or 2, wherein said first information is recorded on 
the groove track of said first recording layer, and 
said second information is recorded on the groove 

5 track of said second recording layer. 

6. The optical recording medium according to claim 1 , 
wherein 

10 either of said first recording layer and said sec- 

ond recording layer has been divided into N 
zones (zone 1 to zone N) from the inner periph- 
ery toward the outer periphery of said optical 
recording medium, and 
15 first information is recorded on one of the land 

track and the groove track in zone n (n: a natural 
number not less than one and not more than N) 
of said first recording layer in the direction from 
the inner periphery toward the outer periphery 
20 of said optical recording medium, and second 

information subsequent to said first information 
is recorded on one of the land track and the 
groove track in zone n of said second recording 
layer in the direction from the outer periphery 
25 toward the inner periphery of said optical re- 

cording medium. 



20 



25 



a spiral of a first recording layer of said record- 
ing layers is in a forward direction, 
a spiral of a second recording layer of said re- 
cording layers is in a backward direction, and 
first information is recorded on one of a land 
track and a groove track of said first recording 
layer in the direction from an outer periphery 
toward an inner periphery of said optical record- 
ing medium, and second information subse- 
quent to said first information is recorded on 
one of a land track and a groove track of said 
second recording layer in the direction from the 
inner periphery toward the outer periphery of 
said optical recording medium. 

3. The optical recording medium according to claim 1 
or 2, wherein third information subsequent to said 
second information is recorded on one of the land 
track and the groove track of said first recording lay- 
er on which said first information is not recorded, 
and fourth information subsequent to said third in- 
formation is recorded on one of the land track and 
the groove track of said second recording layer on 
which said second InformationJs not recorded: .. 

4^vtrhe!;pptlcahrecording medium^ 
y;!o/;;2;F wherein^ 
thejan^ 

second information is recorded on the land track of 
said second recording layer. 



7. The optical recording medium according to claim 6, 
wherein an outer periphery end of zone n of said 
30 second recording layer is located nearertoThe outer 
periphery of said optical recording medium than an 
outer periphery end of zone n of said first recording 
layer. 

35 8. The optical recording medium according to claim 2, 
wherein 

either of said first recording layer and said sec- 
ond recording layer has been divided into N 

40 zones (zone 1 , zone 2, zone N) from the in- 

ner periphery toward the outer periphery of said 
optical recording medium, and 
first information is recorded on one of the land 
track and the groove track in zone n (n: a natural 

45 n umber not less than one and not more than N) 

of said first recording layer in the direction from 
the outer periphery toward the inner periphery 
of said optical recording medium, and second 
information subsequent.to said first information 

50 is recorded on one of the .land track and the 

<: groove track in zone n of said second recqrding 
(( >"i ■ r layer In^the idirectlbn/fncim tlje.Jnneqp^rphery . 
. 13.^ ttqv^lif d^t h e;1out etr* pisii p h ery feof rs a I ci eqptieal > rer^ 

iojfef;oi;!f tjpp )&jb {awqaifirt^ 
9s ( iiThe <6(>tiGal:tec6r^ 

wherein an InheNperiphei^end^ 

second recording layer is located nearer to the 1 inner 
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periphery of said optical recording medium than an 
inner periphery end of zone n of said first recording 
layer. 

10. The optical recording medium according to claim 6 s 
or 8, wherein said first information is recorded on 
the land track in zone n of said first recording layer, 
and said second information is recorded on the land 
track in zone n of said second recording layer. 

w 

11. The optical recording medium according to claim 6 
or 8, wherein said first information is recorded on 
the groove track in zone n of said first recording lay- 
er, and said second information is recorded on the 
groove track in zone n of said second recording lay- *5 
er. 

12. An optical recording medium having a plurality of 
recording layers of a double-spiral structure in 
which information is recorded on both of land tracks 20 
and groove tracks, wherein 

at least a first recording layer, a second record- 
ing layer, a third recording layer, and a fourth 
recording layer are provided as said recording 25 
layers, 

spirals of said first recording layer and said third 
recording layer are in a forward direction, 
spirals of said second recording layer and said 
fourth recording layer are in a backward direc- 30 
tion, 

a first recording direction from an inner periph- 
ery toward an outer periphery of the optical re- 
cording medium and a second recording direc- 
tion from the outer periphery toward the inner 35 
periphery of the optical recording medium are 
defined as the order of recording information, 
the recording direction of said first recording 
layer and said third recording layer is one of 
said first recording direction and said second 40 
recording direction, 

the recording direction of said second recording 
layer and said fourth recording layer is the other 
of said first recording direction and said second 
recording direction, and 45 
physical addresses are allocated in the order 
of one of a land track and a groove track of said 
first recording layer, one of a land track and a 
groove track of said second recording layer, the 
other of the land track and the groove track of so 
said first recording layer, the other of the land 
track and the groove track of said second re- 
cording layer, one of a land track and a groove 
track of said third recording layer, 0 he of a land: 
track and a groove track of said fourth recording 55 v 
layer, the other of the land track and the groove 
track of said third recording layer, and the other 
of the land track and'the groove track of said 



fourth recording layer. 

13. An information recording apparatus tor recording in- 
formation onto an optical recording medium having 
at least a first recording layer and a second record- 
ing layer of a double-spiral structure in which infor- 
mation is recorded on both of land tracks and 
groove tracks, wherein 

a spiral of said first recording layer is in a for- 
ward direction, 

a spiral of said second recording layer is in a 
backward direction, 

a first recording direction from an inner periph- 
ery toward an outer periphery of the optical re- 
cording medium and a second recording direc- 
tion from the outer periphery toward the inner 
periphery of the optical recording medium are 
defined as the order of recording information, 
information is recorded in said first recording 
layer in one of said first recording direction and 
said second recording direction, 
information is recorded in said second record- 
ing layer in the other of said first recording di- 
rection and said second recording direction, 
and 

physical addresses for recording are allocated 
in the order of one of a land track and a groove 
track of said first recording layer, one of a land 
track and a groove track of said second record- 
ing layer, the other of the land track and the 
groove track of said first recording layer, and 
the other of the land track and the groove track 
of said second recording layer. 

14. An information reproducing apparatus for reproduc- 
ing information from an optical recording medium 
having at least a first recording layer and a second 
recording layer of a double-spiral structure in which 
information is recorded on both of land tracks and 
groove tracks, wherein 

a spiral of said first recording layer is in a for- 
ward direction, 

a spiral of said second recording layer is in a 
backward direction, 

a first reproducing direction from an inner pe- 
riphery toward an outer periphery of the optical 
recording medium and a second 1 reproducing 
.. direction "from the outer periphery toward the in- 
rieripertpti^ 
:<^are^aefineti>as the:o^ef ipff reproducing infor- 
^ntetjc^ • 
infonmjation ;^ tjkprd- 

ouw4hgiia\f^ 
w ^rtlojiiarid^ 

• "information! is^reproducedfrorh sald^secohclire- 
cording layer in the other of said first reproduc- 
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ing direction and said second reproducing di- 
rection, and 

information is reproduced foliowing physical 
addresses allocated in the order of one of a land 
track and a groove track of said first recording 5 
layer, one of a land track and a groove track of 
said second recording layer, the other of the 
land track and the groove track of said first re- 
cording layer, and the other of the land track 
and the groove track of said second recording 10 
layer. 

15. An information reproducing apparatus for reproduc- 
ing information from an optical recording medium 
having at least a first recording layer and a second 15 
recording layer of a double-spiral structure in which 
information is recorded on both of land tracks and 
groove tracks, wherein 

a spiral of said first recording layer is in a for- 20 
ward direction, 

a spiral of said second recording layer is in a 
backward direction, 

information has been recorded in said first re- 
cording layer in the direction from an inner pe- 25 
riphery toward an outer periphery of said optical 
recording medium, 

information has been recorded in said second 
recording layer in the direction from the outer 
periphery toward the inner periphery of said op- 30 
tical recording medium, 
either of said first recording layer and said sec- 
ond recording layer has been divided into N 
zones (zone 1 to zone N) from the Inner periph- 
ery toward the outer periphery of said optical 35 
recording medium, 

first information has been recorded on one of a 
land track and a groove track in zone n (n: a 
natural number not less than one and not more 
than N) of said first recording layer, and second <"> 
information subsequent to said first information 
has been recorded on one of a land track and 
a groove track in zone n of said second record- 
ing layer, and 

a driving device is provided for driving a pickup *5 
so that said first information is reproduced fol- 
lowing physical addresses, the focus of said 
pickup is slid by a predetermined amount in the 
. direction toward the in ner periphery of said op- 
ticakecordingmedium with a focus jump from 50 
f ... . but said first recording layer tosald^ecpndrecord- 
-tohIi $ingtlayerif:ahd therusaid sedondlinformation is 
i 

1 6r*An information)^ 55* 
i.ilgi ilnfbrtnatibn^fro 

ihavi ng.at least a f irst recording , layercand a second 
recording layer of a double-spiral structure in which 



information is recorded on both of land tracks and 
groove tracks, wherein 

a spiral of said first recording layer is in a for- 
ward direction, 

a spiral of said second recording layer is in a 
backward direction, 

information has been recorded in said first re- 
cording layer in the direction from an outer pe- 
riphery toward an inner periphery of said optical 
recording medium, 

information has been recorded in said second 
recording layer in the direction from the inner 
periphery toward the outer periphery of said op- 
tical recording medium, 
either of said first recording layer and said sec- 
ond recording layer has been divided into N 
zones (zone 1 to zone N) from the inner periph- 
ery toward the outer periphery of said optical 
recording medium, 

first information has been recorded on one of a 
land track and a groove track in zone n (n: a 
natural number not less than one and not more 
than N) of said first recording layer, and second 
information subsequent to said first information 
has been recorded on one of a land track and 
a groove track in zone n of said second record- 
ing layer, and 

a driving device is provided for driving a pickup 
so that said first information is reproduced fol- 
lowing physical addresses, the focus of said 
pickup is slid by a predetermined amount in the 
direction toward the outer periphery of said op- 
tical recording medium with a focus jump from 
said first recording layer to said second record- 
ing layer, and then said second information is 
reproduced following physical addresses. 
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(57) In an optical recording medium having a plural- 
ity of recording layers of a double-spiral structure in 
which information is recorded on both of land tracks and 
groove tracks, the spiral of a first recording layer (1) is 
In the forward direction, the spiral of a second recording 
layer (2) is in the backward direction, first information is 
recorded on one of the land track (1 B) and the groove 



track (1 A) of the first recording layer (1) in the direction 
from the inner periphery toward the outer periphery of 
the optical recording medium, and second information 
subsequent to the first information is recorded on one 
of the land track (2B) and the groove track (2A) of the 
second recording layer (2) in the direction from the outer 
periphery toward the inner periphery of the optical re- 
cording medium. 
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